Objective: To elicit preference weights for a subset of EuroQol fivedimensional (EQ-5D) questionnaire health states from a representative sample for the state of Minas Gerais, Brazil, using a time tradeoff (TTO) method and to analyze these data so as to estimate social preference weights for the complete set of 243 states. Methods: Data came from a valuation study with 3362 literate individuals aged between 18 and 64 years living in urban areas. The present study was based on quota sampling by age and sex. Face-to-face interviews were conducted in participants' own homes. A total of 99 EQ-5D questionnaire health states were selected, presorted into 26 blocks of six unique health states. Each participant valued one block together with the full health, worst health, and dead states. Each health state was evaluated by more than 100 individuals. TTO data were modeled at both individual and aggregate levels by using ordinary least squares and random effects methods. Results: Values estimated by different models yielded very similar results with satisfactory goodness-of-fit statistics: the mean absolute error was around 0.03 and fewer than 25% of the states had a mean absolute error greater than 0.05. Dummies coefficients for each level within the EQ-5D questionnaire dimensions of health displayed an internally consistent ordering, with the mobility dimension demonstrating the largest value decrement. The values of mean observed transformed TTO values range from 0.869 to À0.235. Conclusions: The study demonstrates the feasibility of conducting face-to-face interviews using TTO in a Brazilian population setting. The estimated values for EQ-5D questionnaire health states based on this Minas Gerais survey represent an important first step in establishing national Brazilian social preference weights for the EQ-5D questionnaire.
Introduction
Health technology assessment (HTA) is important in supporting health policy decisions designed to allocate resources efficiently and in defining criteria for the introduction of new technologies. In Brazil, HTA has been a concern since the 1980s with important government initiatives being introduced since 2004 with the creation of the Department of Science and Technology (Departamento de Ciê ncia e Tecnologia) [1] . Departamento de Ciê ncia e Tecnologia is responsible for formulating and promoting HTA for the Unified Health System (Sistema Ú nico de Saú de). In 2008, the Brazilian Network for HTA (Rede Brasileira de Avaliac -ão de Tecnologias em Saú de) was created to subsidize the government in formulating HTA regulation and producing HTA research in Brazil.
Some developed countries such as the United Kingdom, Germany, and The Netherlands have a long history of using cost-effectiveness analysis to inform this type of high-level decision making. Cost-effectiveness analysis requires cost and health outcome information related to the alternatives that are being evaluated. The representation of health benefits in terms of quality-adjusted life-years (QALYs) has been adopted by many national regulatory agencies, usually with the stipulation that the quality-adjustment factor should be based on the social preferences of the relevant population [2] . The EuroQol fivedimensional (EQ-5D) questionnaire is probably the most widely used generic measure of health status used in measuring benefits for economic evaluation. The instrument defines health in terms of five dimensions (mobility, usual activities, self-care activities, pain/discomfort, and anxiety/depression), each divided into three levels of severity. National value sets exist for many countries, enabling health benefits to calibrate in terms of domestic social preferences [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In Latin America, only two countries (Argentina and Chile) have so far established their own national value sets for EQ-5D questionnaire health states [13, 14] .
This article reports an EQ-5D questionnaire valuation study conducted in Minas Gerais, a large and heterogeneous state in the southeast region of Brazil. Minas Gerais has a population of 20 million inhabitants accounting for just over 10% of the country's total population, the majority residing in urban areas [15] . Belo Horizonte, the state capital, has a population of some 4 million. The state has the second largest economy of Brazil but presents great heterogeneity in terms of both economic development and standards of living. According to the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística), in 2008, Minas Gerais's gross domestic product per capita was US $7635 compared with Brazil's US $8690 while average years of schooling (around 7 years) and income inequality (Gini coefficient equal to 0.51) were very similar to those of the whole country. The analysis of the Human Development Index shows evidence of how similar are the social economic disparities in Minas Gerais compared with those observed in Brazil: in 2000, the values of the Human Development Index for Minas Gerais cities ranged from 0.57 (northeast of the state) to 0.84 (southeast of the state), while in Brazil, the range was 0.64 (northeast of Brazil, state of Maranhão) and 0.82 (South of Brazil, state of Santa Catarina) [16] . Because of its great diversity, Minas Gerais is considered to be representative of Brazilian heterogeneity.
Methods
The EQ-5D questionnaire descriptive classification defines a total of 243 distinct health states, each of which is labeled with a unique five-digit code. For example, 11111 represents the full health state defined as having no problems in any dimension while 33333 represents the worst health state with extreme problems on all five dimensions. The EQ-5D questionnaire's Brazilian language version was culturally adapted and provided by the EuroQoL Group.
The interview protocol followed a revised version [17] of the original Measurement and Value of Health (MVH) study [18] . This protocol has already been applied in deriving French population values for the EQ-5D questionnaire [5] and in a Korean valuation study [11] . The present study was designed so as to obtain values for 102 health states selected from the complete set of 243 states, covering three broad severity categories defined by their proximity to the best possible health state. Mild states contain no level 3 problem on any dimension; severe states contain no level 1 problem on any dimension; moderate states lie within these two boundaries. More information about the choice of health states is described in the revised version of the MVH protocol [17] . States were grouped into 26 blocks, with six health states in each comprising two mild, two moderate, and two severe states. A block of six was chosen to reduce interview length because of budget constraints. Because the sample size is large, more than 100 observations by health state are guaranteed. Each individual evaluated one block of health states together with the logically best and worst health states (states 11111 and 33333, respectively) and the state ''dead''-a total of nine states. Health state descriptions were presented on a printed set of cards that were handed to the participant.
Individuals were first asked to describe their own health in terms of the EQ-5D questionnaire classification system and to rate it by using a visual analogue scale with end points of 0 and 100 corresponding to the worst and best imaginable health states.
They were then asked to rank order the set of nine printed cards containing the health state descriptions from the best to worst. The cards were then shuffled, and individuals were asked to rate them on the same 0 to 100 visual analogue scale used to rate their own health. Respondents were instructed that each health state would last for 10 years followed by death. These exercises were performed before time trade-off (TTO) to familiarize individuals with the description of health states.
The TTO elicitation protocol has been fully described elsewhere [18] . It essentially involves presenting participants with choices between two alternatives that comprise varying levels of quantity and quality of life. Health states can be evaluated as either better or worse than death. A double-sided time board is used, with one side for health states considered better than dead and the other side for health states considered worse than dead. For states evaluated better than dead, individuals establish the number of years (x o 10) in full health that provides them the same expected utility level as living 10 years experiencing some specific health condition. The TTO value (V) is obtained by dividing the length of time in full health by 10: V ¼ x/10. For states considered to be worse than dead, individuals compare death with a choice that gives them 10 À x years in some specific health state followed by x years (x o 10) in full health. In this case, the TTO value is given by V ¼ Àx/(10 À x). Indifference points in the TTO protocol were effectively established in terms of 6-month increments, yielding a range of values from À19 to 1. To treat the asymmetric distribution of negative values, a monotonic transformation V t ¼ V/(1 À V) was performed where V and V t are pre-and posttransformation values so as to alter the range of values to be À1 to 1 [19] .
Study Design
The target population was literate individuals aged between 18 and 64 years living in urban areas of Minas Gerais. A sample-size definition was based on the 2010 Brazilian Demographic Census with a margin of error equal to 3%. In total, 3362 individuals were recruited, of whom 1115 lived in Belo Horizonte (capital), 626 in the metropolitan area, and 1621 in the nonmetropolitan area. The sample was selected on the basis of quota sampling by age and sex. Face-to-face interviews were conducted in households in which one individual was selected. Sociodemographic information was recorded on all participants, including socioeconomic status, religious beliefs, happiness, health, and social work experience. Economic incentives were not offered to interviewees. All health states were evaluated by more than 100 individuals as recommended by Chuang and Kind [20] . Test retest evaluation was not conducted.
A total of 13 interviewers were recruited through a commercial market research agency; all interviewers received 3 days training delivered by experienced university researchers. Fieldwork was carried out between October and December 2011. Twenty percent of questionnaires were checked by phone call to detect possible fraud by interviewers. All field research was supervised by the university team to guarantee quality in data collection and minimize any systematic errors by interviewers in applying the protocol. In the presence of systematic errors, the interviewer was retrained; however, during the fieldwork, three interviewers were excluded. All respondent data were doubleentered into a Microsoft Excel file.
Modeling
Regression analysis was used to estimate social preference values for all 243 possible EQ-5D questionnaire health states. Estimated values for the 99 health states plus 33333 were compared with the directly observed values obtained from the TTO procedure. It 2 0 1 3 ) 4 0 5 -4 1 2 should be noted that the states 11111 and dead are defined by virtue of the TTO procedure as having values of 1 and 0, respectively. No inconsistent respondent data were excluded in estimating social preference values for EQ-5D questionnaire health states. Both aggregate-and individual-level models were estimated by using the ordinary least square (OLS) method. To take into account the individual database structure, panel data regression models were also used.
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Two tests were performed to assist the final choice of the estimation. The Hausman test compares the fixed effects model against the random effect (RE) model. The null hypothesis in this case is that individual effects are not correlated with other covariates in the model. The Breush-Pagan test was performed to compare OLS and RE models. The null hypothesis here is that cross-sectional variance components are zero. If this hypothesis is rejected, then panel models should be estimated to take into account the heteroscedasticity of the residuals [21] . Both mean absolute error (MAE) and the number of health states with absolute residuals over 0.05 were computed as goodness-of-fit statistics. The robustness of the final model was assessed by using a split-half strategy: a subset of 50% of health states was randomly selected and used to reestimate the model. The estimated coefficients were then used to generate predicted values for the remaining half of health states, which were then compared with the observed values. Statistical analyses were conducted by using Stata 11.0.
Dependent variable of all models was defined as 1 minus the transformed TTO response (1 À V t ). A set of 10 dummy variables for each level of severity and health dimensions was defined as follows:
-MO2 is equal to 1 if the mobility dimension is on level 2; -MO3 is equal to 1 if the mobility dimension is on level 3; -SC2 is equal to 1 if the self-care dimension is on level 2; -SC3 is equal to 1 if the self-care dimension is on level 3; -UA2 is equal to 1 if the usual activities dimension is on level 2; -UA3 is equal to 1 if the usual activities dimension is on level 3; -PD2 is equal to 1 if the pain/discomfort dimension is on level 2; -PD3 is equal to 1 if the pain/discomfort dimension is on level 3; -AD2 is equal to 1 if the anxiety/depression dimension is on level 2; -AD3 is equal to 1 if the anxiety/depression dimension is on level 3; -In all cases, the default value for these dummy variables was zero. -Other models including interaction terms were also tested: -N2 is equal to 1 if any dimension is on level 2 (N2 model); -N3 is equal to 1 if any dimension is on level 3 (N3 model); -C3sq is equal to the square of the number of dimensions at level 3 (C3sq model); -X5 is equal to 1 if five dimensions are on level 2 or 3 (X5 model).
Results
The sociodemographic and health characteristics of the achieved sample were broadly comparable to other representative household surveys for Minas Gerais ( Table 1 ). The distribution of age and sex is also quite similar between the surveys, indicating that the achieved sample successfully represents the distribution of these variables for the literate population of Minas Gerais aged from 18 to 64 years. Interviews lasted for an average of 44 minutes. The study sample comprised 3362 individuals, of whom 177 respondents evaluated fewer than seven states in the TTO exercise and 2 individuals had all health states with missing values. In the majority of the cases, these missing values were due to mistakes made by the interviewers such as the repetition of cards or errors in recording the board marker. These individuals were included in the data analysis, but their nonvalid responses were omitted.
Mean observed transformed TTO values range from 0.869 to À0.235 for the 11121 and 33333 health states, respectively. For mild health states, TTO values vary from 0.869 to 0.615, while for severe health states, the maximum value is 0.332 and the minimum is À0.235. Values for moderate health states overlap both mild and severe ranges. Seven cards are given negative values indicating states worse than dead. The SD of transformed TTO values increases with the severity of the health state, indicating greater heterogeneity in individual scores in poorer health states. Table 2 displays the results using OLS and RE models for both aggregate and individual data. These results relate to the most parsimonious model specification based on main effects and include only dummy variables for each health dimension and level of severity. Because the Hausman test was not significant (Prob 4 w 2 ¼ 0.2453), the null hypothesis was not rejected and the RE model can be safely accepted. The estimated coefficients are very similar irrespective of the estimation method used, indicating very stable predictions. All dummy coefficients are positive and significant at the 1% level. The coefficients behave as expected, showing a monotonic increase in value decrement with increasing severity for all health dimensions. The largest decrement is observed for severe 
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mobility problems. The smallest decrement is for anxiety/depression. The goodness-of-fit statistics are satisfactory and quite similar among the five models: the MAE is around 0.03, which is lower than the prespecified threshold of 0.05. In addition, the percentage of states with an absolute error greater than 0.05 is virtually identical among the models with a constant term: 23% in the OLS individual model and 25% in the OLS aggregate model and the RE model. OLS models excluding a constant term present a higher percentage of health states with MAE greater than 0.05 (28% and 29%). Because the results are quite similar across models, the model definition is not a significant issue. To take into account that each individual can have different patterns of responses, the RE model was chosen. The Breush-Pagan test rejects the null hypothesis of homoscedasticity (w 2 P o 0.001). The presence of heteroscedasticity favors the use of RE models.
More complex forms of the RE model were tested involving the introduction of additional dummy variables to account for the presence of any dimension with moderate or extreme problems. All these models displayed similar results to the initial main effects specification with virtually identical goodness-of-fit statistics and the same number of states with an MAE exceeding 0.05. Figure 1 presents TTO-predicted values estimated through parsimonious and interaction models. Because the results were very similar among the models, the basic specification of including only dummy variables for each health dimension and level of severity was selected. Some of the interaction models presented inconsistencies: N2 and N3 terms were negative.
To test the robustness of the RE model, EQ-5D questionnaire health states were randomly split into two groups and the TTO observed values of one half were used to estimate the TTO values of the second half. Because the data were included on the basis of 2 0 1 3 ) 4 0 5 -4 1 2 the selected EQ-5D questionnaire states, individual respondents contributed a varying number of health states. Some 70% of the respondents contributed data for four or more states. Figure 2 presents the mean observed and estimated TTO values for the second subset of health states, namely, the subset of excluded health states. This comparison shows that the model is successful in predicting values for the nonobserved health states.
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The estimated values are based on the RE model. Fig. 3 shows these estimated values plotted against the mean observed TTO values for the EQ-5D questionnaire health states used in this study. The proximity of TTO values to the diagonal evidences once more the extent to which the model successfully represents the observed data.
Observed and predicted mean for transformed TTO value estimated by using the final model can be supplied on request from the authors. The full set of preference weights for the 243 EQ-5D questionnaire health states is given in Table 3 .
Estimated TTO values from this study were compared with similar values generated in three different national valuation studies (Argentina, Chile, and US Hispanics) [13, 14, 22] . For illustrative purposes, health benefits computed by using these values were compared with results obtained by using the Minas Gerais values as indicative results for Brazil. Movement between seven selected pairs of EQ-5D questionnaire health states is given in Table 4 . The smallest difference in the EQ-5D questionnaire health state value based on the Chilean weights (state 11111 -11211) was more than double that produced using the Argentine weights. The CI, confidence interval; EQ-5D, EuroQol five-dimensional; RE, real effect; TTO, time trade-off. largest difference in the EQ-5D questionnaire health state value in these selected states was of the same order of magnitude across the four value sets (state 22222 -33223). A small variation in the benefit measurement in a cost/QALY ratio has a disproportionate effect on the final index. Had the Argentine values been used to assess the cost-effectiveness of a health benefit from the EQ-5D questionnaire state 11211 to 11111 (0.099) and assuming a marginal cost of (say) US $10,000, the cost/QALY would exceed US $100,000, whereas when Brazilian weights are applied to the same health gain, the cost/QALY is lower at around US $65,000.
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Discussion
This is the first study that provides a set of weights for the 243 EQ-5D questionnaire health states based on the preferences of a sample of the Brazilian literate general population aged between 18 and 64 years living in an urban area. In South America, although other countries have experience in organizing national HTA policies, only Argentina and Chile have thus far derived a set of social preference weights for use with the EQ-5D questionnaire [13, 14] . The use of nondomestic value sets, even from continental or regional neighbors, may not be adequate for health policy decision makers in Brazil. Empirical evidence for US Hispanic population has already shown that variations in EQ-5D questionnaire valuations are present [22] . The comparison between values in the present study and those for other populations showed meaningful differences even for Brazil Latin-American neighbors, further highlighting the importance of country-specific value sets. In the lack of Brazilian valuation set, Latin American parameters would be the strongest candidate to HTA studies developed in Brazil. As a result, cost-effectiveness analysis would be biased not reflecting Brazilian preferences. Brazil is very heterogeneous with cultural background different from those of Argentina and Chile. Besides, it is the only country in this continent whose official language is Portuguese. For the Brazilian case, neighbor countries would not provide the best proxy for parameters valuation set.
This study takes several steps forward from the design of the original MVH protocol [18] . To the best of our knowledge, only a Korean valuation study has incorporated a relatively large subset of EQ-5D questionnaire health states [11] . Other studies have tended to replicate the same selection of health states adopted in the original UK national survey. While this has the advantage of allowing for direct comparison of observed values in such circumstances, such comparisons are rarely reported in practice. The use of an enlarged subset of the 243 EQ-5D questionnaire health states may have contributed to the successful construction of simple estimation models in this study, obviating the need for more complex models of the type reported elsewhere [13, 14, 22] . This study was based around a valuation protocol that requires respondents to handle nine health states, a somewhat lower number of states than specified in the original MVH protocol. This makes the evaluation exercise less demanding, and individuals appear more likely to give responses that are not subject to fatigue or loss of attention. This has important consequences for valuation studies conducted in countries in which the engagement and participation of the general population may be problematic.
Value decrements for each dimension and severity level and average MAE were quite similar regardless of the level of data aggregation and the estimation method applied. Part of the stability of results may be credited to the sample design that yielded a larger volume of data; the number of observations is very large (23,300 individuals-health states), with each health state being evaluated more than 127 times. Each respondent evaluated only nine health states, thereby reducing the importance of individual heterogeneity in the mean predicted value of each health state.
Conclusions
This study was based on a sample of the general population aged between 18 and 64 years in the urban area of the state of Minas Gerais, and the results indicate that a robust, stable estimation model has been achieved. The extent to which these results can be safely generalized to the Brazilian population as a whole is a matter of conjecture at this stage because no comparable value data for the EQ-5D questionnaire exist for other regions or states within the country. Given the heterogeneity of the Minas Gerais population, however, it may well be the case that these initial results are broadly indicative of what might be expected from a wider national survey that included data from a larger sample drawn from across Brazil.
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